The equation for the rate of combination of hydrogen and oxygen, based upon the most probable chain mechanism, is very complicated and difficult to apply, without drastic approximations, to the experimental results. A new method of approach is here employed: the equation is factorized by considering first the condition for the third explosion limit (preceding paper) which allows the determination of most of the constants. With the help of these results the rate expression can be testecf, and the form of the function describing the initiating reaction examined. It is concluded that, under the experimental conditions, the chains are probably initiated by the dissociation of hydrogen: H2 + M = 2H.
Introduction
This paper describes experiments on the rate of reaction between hydrogen and oxygen a t pressures lying between the second and th ird explosion limits. The experim ental conditions were similar to those under which the third lim it was studied {see preceding paper). According to the mechanism discussed in P a rt I th e rate of reaction is given by . fl-5fes + 2fc6[H2b 4 H / J ] /1> + j dt 2 k A function R* is defined such t h a t = 2fxR*' I f th e ra te is expressed in m m ./m in., r', as is often convenient experim entally, th e n / = R 'f J B ', where B ' = (constant) T.
W ith th e expressions for a n d for given in P a r t I, a n d w ith th e various constants defined there, R* can be tran sfo rm ed tô The values o f th e other constants, which are ratio s a n d in d ep en d en t of tem p e ra tu re , are given in tab le 5 of P a r t I. The functio n R* can th e n be calculated directly, w ith o u t reference to a n y experim ents on th e ra te o f reaction. Now th e ra te of reaction is p roportional to ( *), an d th e v a ria tio n o f (fxR*)
w ith th e pressures of hydrogen, oxygen, a n d in e rt gases can be calculated for different possible form s of th e function f x.A co bilities w ith th e observed v ariatio n of th e ra te should in d icate th e correct form o f / l3 a n d hence th e a ctu al m echanism of chain in itia tio n un d er th e prevailing e x p eri m en tal conditions.!
Comparison with experiment
E vidence concerning th e n a tu re of th e in itia tin g reactio n is m eagre, b u t suggests th a t a t th e tem p eratu res a t w hich these experim ents were done ( > 560° C) chain in itia tio n can occur in th e gas phase. A ccording to th e th e o ry outlined in P a r t I, th e reaction is one in w hich either OH radicals or H atom s are produced. T he to ta l order of th is reaction is unlikely to be g reater th a n tw o: this lim its th e possibilities to (а) H 2 + 0 2 = 2 0 H ,
Case (a) will be considered first. F igure 1, curve (1), shows th e observed dependence of th e ra te on hydrogen pressure in presence of 100 m m . of oxygen a t 570° C. E q u atio n s (1) an d (2) give reasonable agreem ent w ith experim ent (w ith B ' = 7-5 x 104), p ro v id e d t h a t th e v alue of G is assum ed to be 1200 in ste a d o f 1335 as calcu lated from th e observed te m p e ra tu re v a ria tio n of th e th ir d lim it. T he curve given by th e e q u a tio n , ,
is show n in figure 1, curve (2). T he fa c t t h a t a value o f ' ' m u st be used w hich differs from t h a t p red ic te d is n o t in itse lf sufficient cause to re je c t case (a), since m inor changes in surface conditions are know n to occur, b u t th e a d o p tio n o f a n a d ju ste d value for C is fa r from satisfacto ry .
T he discrepancy is m uch worse for th e dependence o f th e ra te on oxygen pressure.
The values ju s t assum ed f o r / l5 G, a n d B ', lead to curve a fa r to o g rea t v a ria tio n o f th e ra te w ith oxygen pressure. Case (a) therefore seem s to be ruled o u t.
Case (6) 
where Z Hi, Z Qi, a n d Z M are th e relativ e collision num bers for hydrogen m olecul respectively w ith hydrogen, oxygen, and a n y in ert gas M. F o r collisions betw een m olecules of hydrogen a n d of a gas M
Z'm = \ { 2 n R T ) ( < r2 + <rM)2 [l/w Hj+
F o r collisions betw een pairs of hydrogen m olecules a n e x tra factor of a h a lf m u st be in tro d u ced to com pensate for having counted each collision betw een like molecules tw ice.
O nly relative values o f th e collision num bers will be required: these will be denoted W ith th is function for f t th e dependence of th e ra te on hydrogen pressure is quite satisfactorily described (for [ 0 2] = 100 m m .) as can be seen in figure 1 (curve 3).
This agreem ent is obtained using th e calculated value of = 1335, a n d r' = / 1i2*/33*4 x 104.
The oxygen dependence of the rate, as given by this equation, is shown in figure 2 (curve 3). I t agrees quite well w ith th e experim ental results (contrast with case (a), Pho mm.
F igure 1. Dependence of ra te on hydrogen pressure a t 570°. Po2 = 100 m m . 
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200 300 400 500 Po2(mm.) curve (2)), u p to [ 0 2] = 400 m m . A bove t h a t 'pressure a rap id ly increasing ra te of reaction is pred icted , w hile in p ractice one can n o t m easure th e ra te s because th e m ix tu res ignite. T he tra n s itio n to explosion seem s to be ra th e r sudden, a n d is p ro b ab ly due to facto rs w hich come in to p lay as th e reactio n develops, a n d for w hich due allow ance ca n n o t be m ade in th e ra te expression w hich has been derived. This superposed com plication does n o t, how ever, affect th e general agreem ent, w hich shows t h a t a t 570° C, u n d e r th e ex p erim en tal conditions, th e pred o m in atin g in itia tin g reactio n is p ro b ab ly th e dissociation of hydrogen m olecules in bim olecular collisions.
The mechanism of the hydrogen-oxygen reaction 373 200 300 D 400 500 A fu rth e r te s t is provided b y a com parison of th e calculated a n d experim ental rates as a function o f hydrogen pressure (with a co n stan t pressure o f 200 m m . oxygen). As seen in figure 3 th e agreem ent is quite good. (Curve 1 gives th e experi m ental v ariation, curve 2 th e calculated.)
A rgum ents sim ilar to th e above show th a t neither case (c) nor case ( ) can account satisfactorily for th e observed dependence o f th e ra te on hydrogen and oxygen pressures. T hus case (c) predicts a dependence on oxygen pressure even m ore m arked th a n does case (a), and is therefore ruled out.
The effect of inert gases
According to equations (2) an d (3), th e in ert gas pressure, [Jf] , comes into both f x and E*. are shown respectively in figure 1 (curves 4 a n d 5) a n d figure 3 (curves 3 and 4) . The agreem ent is satisfactory.
A ty p ical curve showing th e effect of 50 m m . o f carbon dioxide is given in figure 4 (curve 3). The ra te eq u atio n does n o t p red ict a large enough increase w ith hydrogen pressure for th e given pressure of C 0 2. A decision a b o u t th e reason for th is is n o t possible w ith th e results available.
Some experim ents were m ade on th e effect o f adding sm all am o u n ts o f w a te r vapour to th e reaction m ixtures. The effect o f 11 m m . a t different hydrogen pressures, for [ 0 2] = 200 m m ., is show n in figure 5 (curve 2). T he ra te is increased slightly, th e effect being equivalent to th e ad d itio n of a b o u t 25 m m . of nitrogen. W ith a co n sta n t value of C th e equations p red ict a decrease in th e ra te (curve 3). A sim ilar discrepancy betw een theory and exp erim en t has been found in stu d y in g th e effect o f w a te r on th e th ird lim it (cf. P a r t I), a n d is ascribed to th e actio n of w a te r v a p o u r in reducing th e chain-breaking efficiency of th e walls. T his involves a decrease in th e value o f th e c o n stan t C. If, in fact, th e value o f G is reduced from 1335 to 1100, th e re is good agreem ent w ith th e experim ental results (curve 4).
P rom this survey it is clear th a t th e expressions derived describe th e exp erim en tal results for th e v a ria tio n of reaction ra te w ith hydrogen a n d oxygen pressures, a n d w ith ad d ition of in e rt gases, quite satisfactorily. This is th e m ore striking in view o f th e fact t h a t all th e co nstants involved, w ith th e exception o f a direct p ro p o rtio n ality constant, B', were obtain ed eith er from in d ep en d en t experim ents, or from calculations based on th e kinetic th eo ry o f gases.
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The development of the reaction with time
The rates recorded above are those for th e ste a d y s ta te which is rap id ly established in th e in itial stages of th e reaction. In th e presence of p otassium chloride these ra te s are reproducible and, m oreover, rem ain nearly c o n sta n t for a n appreciable tim e. I n silica, pyrex, a n d h a rd glass vessels th e reactio n is v ery m arkedly a u to c a ta ly tic .
The fact th a t in th e presence of salts th e ra te does n o t rap id ly decrease as th e re a c ta n ts are consum ed shows th a t th e reaction is still in some degree a u to c a ta ly tic even u n d e r such conditions. The reason for th is is suggested b y th e calculations m ade above on th e effect of w ater vap o u r on th e co n stan t C. I f th e w a te r form ed in th e in itia l stages of th e reaction is adsorbed on th e walls, a n d th ere b y lowers th e ir chain-breaking efficiency, th en it will e x e rt w h at am ounts to an a u to c a ta ly tic effect.
C alculated values of C, corresponding to different am o u n ts of w a te r vapour, cannot, u n fo rtu n ately , be ta k e n as q u a n tita tiv e m easures of th e chain-breaking efficiency of th e surface. This is because th e ra te expression has been derived on th e assum ption th a t th e chain-breaking efficiency of th e walls is u n ity . W hen th is assum ption no longer holds, th e tru e ra te eq u atio n will assum e a different an d m ore complex form .
The results do, however, show th a t various surfaces have widely different effects on th e tim e-course of th e reaction. In th e presence of potassium chloride a n d o th er salts th e autocatalysis is n o t v ery m arked, a n d th e resu lts are fairly reproducible Silica a nd sim ilar surfaces ap p e ar to be very v ariable: w a te r has a m arked, a n d o ften unpredictable, effect on them . The m a tte r is fu rth e r com plicated b y th e fa c t t h a t w ater actually form ed in th e reactio n seem s to h ave a m ore m ark ed effect th a n t h a t added from w ithout. A nother phenom enon, probably depending on th e w ay th e surface changes w ith tim e in th e in itial stages of th e reactio n is th e following. A t tem p e ra tu re s a n d pressures ju s t below th e th ird explosion lim it th e ra te rises rap id ly w ith increasing pressure of hydrogen, or of in e rt gases, u n til explosion occurs a t th e lim it. W hen, however, th e pressure o f oxygen is raised, th e re is q u ite a sh arp tra n sitio n to e x plosion before th e ra te has a tta in e d n early so g re a t a v alue as t h a t a tta in a b le w ith increased hydrogen pressure. I t seem s t h a t a n increased a u to c a ta ly sis sets in a t higher oxygen pressures, an d renders im possible th e o b serv atio n of th e ste a d y in itial rate. The influence of various salts on the explosion limits and on the reaction rate of the hydrogenoxygen system has been examined. Certain specific effects of the nature of the salts appear. Iodides differ markedly from other halides (but this may be due to special causes, such as liberation of halogen). The effects of the salts are thought to be due to specific chemical interactions.
I n th is p ap er th e specific effects o f salts on th e explosion lim its, a n d upo n th e ra te o f th e reaction occurring betw een th e second a n d th ird lim its, will be considered in m ore detail.
The first explosion limit
F ro st & A lyea (1933), w orking w ith a p y rex vessel rinsed o u t w ith a 10 % KC1 solution, observed an increase in th e lim it of a b o u t five-fold com pared w ith th e values ob tain ed by M oelw yn-H ughes & H inshelw ood in silica vessels (1932) . This indicates a high chain-breaking efficiency for KC1 surfaces com pared w ith silica. An in vestigation has therefore been m ade on th e relativ e chain-breaking efficiencies of various salts on th e lim it.
